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Abstract 
A direct platmg technique for the enumeration S. enterica in 90 pig meat samples was evaluated in 
comparison with a three tube-MPN procedure. For the detection of S. enterica the ISO 6597:2002 
method was employed. Pork samples were collected at retail level in northern Italy. A total of 15 
(16 7%) Salmonella positive samples were detected. By the use of the MPN method, S. entenca 
was countable m 12 (80.0%) samples, while the direct count gave posit1ve results 1n two (13.3%) 
samples only The ISO 6597.2002 method Identified 12 (80 %) contam1nated samples out of 
15.The enumeration levels of S. enterica ranged from 0.03 MPN/g to > 110 MPN/g by the MPN 
method, and from 10 CFU/g to 180 CFU/g by d1rect plat1ng. Seven Salmonella serovars were 
detected. S. Typhimurium, S. Derby, S G1ve, S. Rissen, S. Livingstone, S. Brandenburg and S. 
London, w1th S. Typh1munum and S. Derby as the predominant ones. 
Introduction 
Salmonella enterica is responsible for several foodborne outbreaks all over the world and 1ts 
transmiSSion to the consumers 1s ma1nly linked to raw or undercooked meat products and raw or 
unpasteurized egg products. The micro-organism is often present m the pork meat produclion 
chain, i e from the live animal to the final meat product. 
The maJor goal of th1s study was the evaluat1on of the prevalence of S. enterica in pork meat at 
retail level, together w1th the count of the m1cro-orgamsm in positive samples. Quanlification of the 
contamination level is, on our opinion, very important for the evaluat1on of the real nsk for the 
consumer 
Material and methods 
From January to December 2006, 90 samples of p1g meat products were collected at retail level 
from 36 different stores m Parma, Modena, Cremona and Bergamo provinces, northern Italy The 
samples were represented by 48 sausages, 20 different fresh pig meat samples, 14 mmced meat 
samples, 4 dry cured salami, 3 offal samples (tongue, heart and kidney) and one bacon fat 
sample All samples were tested for S enterica by using the ISO 6597 ·2002 method 
In order to quantify the presence of the m1cro-orgamsm, both a three tube-MPN procedure and a 
d1rect count method were employed. For the MPN counting method, a 10 g-ahquot of the meat 
samples was diluted m 90 of Buffered Peptone Water (BPW) and the follow1ng dilutions were set 
up m tubes contammg 9 and 9 9 of BPW, respectively This procedure, 1 e a three-tube MPN 
representing 1 0, 0 1 and 0 01 g of sample, was applied to the first 25 samples~ thereafter, a three-
tube MPN representmg 10, 1 0 and 0 1 g of sample was combmed w1th the prev1ous one, 1n order 
to count very low levels of S enterica The MPN diluhon senes were mcubated at 37 oc .:!: 1 oc for 
18.:!: 2 h After mcubation a 0 1-aliquot of each tube was seeded into 10 of Rappaport-Vassiliadis 
Soya broth, incubated at 41 5 oc .:!: 1 oc for 24 .:!: 3 h The broth-cultures were then plated onto 
XL T4 agar dishes, mcubated at 37 C.:!: 1 oc for 24 h plus 24 h Suspect colomes were subjected 
to biochemical and serological tests 
For Salmonella direct count a 1 O-f old dilution of each sample was set up m BPW followed by 
d1rect platmg onto XL T4 agar mcubated at 37 C.:!: 1 oc for 24 h plus 24 h. Suspect colonies were 
counted and at least five ones per sample were subjected to biochemical and serological 
confirmation tests, to evaluate the number of Salmonella CFU/g 
For Salmonella genus ident1ficatton the API-20 E® (b1oMerieux) biochemical system was 
emplo ed Serotypmg of Salmonella strams was performed by the Nat1onal Reference Laboratory 
for Sa/monel/a (CRNS) of the lst1tuto Zooprofilattico Spenmentale delle Venezie Italy 
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Results 
A total of 15 {16.7%) out of 90 pig meat samples were contaminated by S. enterica. In particular, 
we detected S. enterica in 5 out of 48 sausages (10.4%), in 3 out of 20 meat samples (15.0%) and 
in 3 out of 14 minced meat samples (21.4%). In addition, each offal sample and the bacon fat were 
contaminated by the micro-organism (Table 1 ). As shown in Table 2, seven Salmonella serovars 
were detected: S. Typhimurium, S. Derby, S. Give, S. Rissen, S. Livingstone, S. Brandenburg and 
S. London. In one sausage sample three different serovars were identified (S. Give, S. 
Brandenburg, S. London). The S. Typhimurium isolates were phage-typed and they all belonged to 
DT NT (nontypeable}. As far asS. Typhimurium antimicrobial susceptibility is concerned, all strains 
were resistant to ampicillin, streptomycin, sulphonamide compounds and tetracycline (ASSuT). 
The enumeration levels of S. enterica ranged from 0.03 MPN/g to > 110 MPN/g by the MPN 
method, and from 10 CFU/g to 180 CFU/g by direct plating. By the use of the three-tube MPN 
procedure, S. enterica was countable in 12 (80.0%) out of 15 contaminated samples. On the other 
hand, the direct count gave positive results in two (13.3%) samples only. The detection of 
Salmonella by the ISO 6597:2002 method was positive in 12 (80.%) samples (Table 1). 
Discussion 
The contamination rate of pork samples by S. enterica was rather high, particularly in minced meat 
and offal samples. On the other hand, the enumeration level by Salmonella, although variable, was 
rather low. The direct plating and the MPN method gave different results, even in the same sample 
unit, and therefore we could hardly estimate the number of viable micro-organisms per g of meat. 
Further studies are therefore needed to compare the MPN and direct count methods. 
A very important step in our study was the choice of the most reliable selective medium for MPN 
and direct count methods. The XLD agar and BGA, employed at the beginning of the study as the 
first one is recommended by ISO 6579:2002, were soon replaced by XL T4 agar only Suspect 
colonies grown on the latter medium were, in fact, more easily recognized and picked up than 
Salmonella colonies grown on the former ones. As a matter of fact, even if Salmonella colon1es 
grown on XLD agar were similar to the pink colonies with a black centre grown on XL T4 agar, and 
therefore easy to select, XLT4 medium gave better performances if compared to XLD alone. On 
the other hand, the pink colonies grown on BGA dishes were not easily recognizable as 
Salmonella suspect ones, because of the lack of the black centre, that was very useful for the 
selection of colonies in presence of background flora. 
As the enumeration level of S. enterica was particularly low, in the direct plating it was impossible 
to d1lute samples more than 1:10. On the other hand, 1:10 pig meat dilutions were heavily 
contaminated by background flora and therefore the high number of non-target colonies grown on 
the selective agar dishes made both count and picking up of suspect colon1es very difficult. 
Therefore, the characteristics of the selective medium (sensibility, sensitivity, colonies features) 
were crucial for the good performance of the direct count. 
As shown in Table 1, the simultaneous use of both the ISO 6579:2002 method for the detection of 
Salmonella and the MPN method as counting procedure gave the best results for the identification 
of contaminated products. As 1n some pig meat samples the Salmonella level exceeded 110 
MPN/g, while in others the level was as low as 0.03 MPN/g, we suggest to set up a three-tube 
MPN representing at least 10, 1.0, 0.1, 0.01 and 0.001 g of sample. 
S. Typhimunum is one of the most relevant S. enterica serovars for public health, as Identified by 
the European Commission (Reg. 1 003/2005/CE). Although S. Typh1munum was detected m 5 
(33.3%) out of 15 positive samples, its levels were low, ranging from 0.4 MPN/g m bacon fat to 19 
MPN/g in sausages. Higher values were detected for S. Livingstone in the tongue sample (> 110 
MPN/g), for S. Derby and S. Brandenburg simultaneously present in a fresh sausage ( > 110 
MPN/g) and for S. Derby (180 CFU/g) in another sausage sample. 
Conclusions 
As reported by EFSA (2006) and the CRNS (Centro di Referenza Nazionale per le Salmonellosi; 
Italian Reference Centre for Salmonellosis), pig meat could be a source of zoonotic agents for 
humans, particularly S. enterica. The predominat Salmonella serovars Isolated from pig meat in the 
EU in the last years, 1.e. S. Typh1murium and S. Derby, were the most common serovars even 1n 
this study As the Salmonella contam1nat1on level m the examined samples was generally low, any 
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risk assessment procedure should not 1gnore the quantitative evaluation of S. enterica in pork 
products. 
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Table 1 - Detection and enumeration of S. enterica in pig meat samples 
Sample MPN Determination D1rect Count ISO 6579:2002 
M1nced meat 0 7 MPN/g 
< 10 CFU/g S. Typhimunum S Typh1murium 
Bacon fat 0.4 MPN/g 
< 10 CFU/g S Typhimurium S Typhimunum 
Sausage 12 MPN/g 
< 10 CFU/g S Typhimurium S Typhimurium 
Minced meat 0 3 MPN/g 
< 10 CFU/g S Derby -
Sausage 19 MPN/g 
< 10 CFU/g S Typh1munum S. Typh1munum 
Sausage < 0.03 MPN/g < 10 CFU/g S. Typh1munum 
Sausage > 110 MPN/g 
S G1ve < 10 CFU/g S London 
S Brandenburg 
Pig meat 0 03 MPN/g 
< 10 CFU/g S. Give S Give . 
Minced meat 0 04 MPN/g 10 CFU/g S Derby S Derby S Derby 
Pig meat < 0 03 MPN/g < 10 CFUffi S Derby 
Pig meat 0 3 MPN/g 
< 10 CFU/g 
-S Derby 
Tongue > 110 MPN/g 
< 10 CFU/g S L1v1ngstone S Livingstone 
Heart < 0.03 MPN/g < 10 CFUffi S R1ssen 
Kidney 0 2 MPN/g 
< 10 CFU/g S. R1ssen S Rissen 
Sausage 0 9 MPN/g 180 CFU/g 
S Derby S Derby -
Postttve samples 12 (80.0%) 2 (13 3%) 12 (80.0%) Total number(%) 
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Table 2 - Distribution of S. enterica serovars in pig meat samples 
Serovar Sausages Pig meat Minced Dry Offal Other Total % 
meat salami samples 
S Typhimurium 3 0 1 0 0 1 5 29.41 
S. Derby 1 2 2 0 0 0 5 29.41 
S. Give 1 1 0 0 0 0 2 11 .77 
S. Rissen 0 0 0 0 2 0 2 11 .77 
S. Brandenburg 1 0 0 0 0 0 1 5.88 
S London 1 0 0 0 0 0 1 5.88 
S. Livingstone 0 0 0 0 1 0 1 5.88 
Total 7 3 3 0 3 1 17 100 
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